J. A. Gray is correctly credited with the discovery and publication of the phenomenon of the 'softening' of y-rays (1913) and X-rays (1920) on scattering to which the name 'Compton effect' was later given because of the revolutionary but elegantly simple and quantitative picture of the process given by A. H. Compton in 1922, for which in 1927 he shared the Nobel prize in physics with C. T. R. Wilson. Gray's contribution was itself revo lutionary because up to that time the scattering process had been considered almost by definition to be the coherent or 'direct' process treated by J . J.
Thomson. In such a process the quality of the scattered radiation would be 'unmodified'. Gray's discovery did not at once receive the attention it deserved. A more just and precise world would have named the effect after Gray and the identified process after Compton. It is perhaps interesting to speculate that with the passage of time the process would have become known, as now, by the name 'Compton scattering' or photon scattering by free electrons and the effect of the softening of the scattered radiation would, as now, be anonymous and every student would be expected to derive the effect from either the Compton-Debye analysis or the wave mechanical analysis of Schrodinger or any appropriate formulation of quantum electro dynamics. His biographer must record, however, that Gray resented the oblivion to which his own work and discovery were consigned just at the time when it was vindicated by Compton's experiments and analysis. He had laboured and built the staircase on which Compton had laid the carpet; there remained more stories to be built on the mansion and rooms to be furnished, but attention had turned from the traditional mastercraft of building. Prefabricated concepts of mesons, positive and negative electron pairs, annihilation radiation, the many components of cosmic rays, photo neutrons and neutron reactions were in succeeding years to be added to the structure. Gray was ready to accept each of these phenomena as they appeared but kept attending to the details of the first flight of stairs. The choice was not entirely free; his equipment and facilities were on a very modest scale; he made strenuous efforts from 1929 onwards to obtain some type of high voltage accelerator (to lead to the upper stories of the mansion) but was repeatedly frustrated by lack of sufficient funds, caused no doubt by the wider circumstances of the depression and the Second World War. Finally in 1947 he was enabled to order a 70 MeV synchrotron that was installed at Queen's University in 1949-1950 only two years before his retirement.
Joseph Alexander Gray, born in Melbourne, Australia, on 7 February 1884, received a firm Scots upbringing with his four brothers and four sisters from their parents, James and Mary Margaret (Stewart) Gray. O f the chores shared out among the large family, that of clipping the garden hedges fell to Joe, and in later life he blamed this for his distaste for gardening. His interest in mathematics developed under M r Tredinger at Melbourne University High School, founded by M r Otto Kreme and Mr L. A. Adamson, the principal. He lived at home and attended as a day-boy. He went on to the 90
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University as a student at Ormond College, continuing to live at home and attend daily. He started on an engineering course but soon changed to mathematics and physics, with such success that he took the honours courses in each in successive years, 1906 Bragg, at Adelaide. His friendship with the Braggs, father and son, was to remain throughout his life and there were many points of contact in the field of X-rays. The Commissioners for the Exhibition of 1851 had indicated to T. R. Lyle that they could make a scholarship available to Melbourne for 1908 and he expected this would be awarded to J. A. Gray as a matter of course in view of his high achievements. Gray had booked his passage and prepared to go to the Cavendish Laboratory at Cambridge under J . J. Thomson when, to the dismay of all concerned, a letter was received from the Commission withholding the award without explanation. Despite some inducements to stay in Melbourne, Gray managed to obtain a small loan from a friend with which, and some small scholarship, he went to London. He called at the offices of the 1851 Commissioners and found they had received no account of his work, so had been unable to consider the applica tion. It seemed likely that he might be awarded the 1851 scholarship in 1909 and in the meantime he was offered facilities by R. J . Strutt at Imperial College. The two papers that resulted became curiously relevant to publica tions in 1964 at the Third International Conference on the Peaceful Uses of Atomic Energy. One concerning the manner in which the large amounts of helium ^ 100 cm3 per 1 cm3 of mineral are retained in thorianite (T h 0 2,U 0 2) was related (in paper P/19) to the manner of retention of the fission gases xenon and krypton in nuclear fuel, especially sintered U 0 2. The other noted the relatively low age, one million years, of autunite derivable from its lead content determined by spectroscopic analysis. The significance of the low ages of such uranium minerals to the availability of uranium was discussed by R. D. Nininger, J. W. Gabelman and H. H. Adler in paper P/257. Rutherford had moved from McGill to Manchester in 1907 and with him went the centre of development in radioactivity. An application made to him received a sympathetic reply in 1908 regretting that no position or financial assistance was available that year and urging Gray to apply to the 1851 Commissioners for 1909. On receiving the scholar ship for 1909 Gray was accepted by Rutherford and entered into his main line of work. By his persistence he had turned this first rebuff to his advantage.
What young physicist would not have enjoyed those three exciting years from 1909 to 1912 with Rutherford at Manchester? In his retirement Gray was to remark that never since had he encountered a university which seemed so alive as Manchester in those days when everyone was eager to get to the laboratory in the morning and were such a knowledgeable group; the aristocratic G. von Hevesy who did so much for radioactive chemistry, Moseley who in his brief life left such brilliant achievement, establishing Atomic Numbers, Niels Bohr who all sensed lived on a higher plane than the rest, Chadwick so young and then rather scared of Rutherford, Geiger, Marsden, Florance from Christchurch, Boyle from McGill, H. R. Robinson, C. G. Darwin, and in other departments, Horace Lamb in mathematics and Chaim Weizman in biochemistry. He enjoyed the life at Manchester, in cluding the Halle orchestra and other interests. He recalled that the best dance he ever attended was organized there by the Suffragettes. His own research led to the discovery of the y-rays produced, especially in heavy elements, by the /3-rays from radium E. He also showed the similarity between X-and y-rays. He also obtained evidence by magnetic deflexion of the rays and photographic registration of the continuous nature of the j8-ray spectrum, later improved by velocity focusing and established beyond question in 1914 by Chadwick, a discovery the importance of which lay almost unrecognized until the 1930s when the characteristic relations for /3-ray decay were established by E. Fermi and others. With his M.Sc. from Manchester in 1912 Gray was appointed Lecturer in Physics at McGill University, Montreal. In 1913 Rutherford was able to write that the examiners at Manchester approved his D.Sc. Despite a considerable teaching load he continued his research, establishing a curious unexpected behaviour of y-rays in ordinary matter which he published in the Philosophical Magazine and the Transactions of the Royal Society of Canada in 1913. The paper in the Philosophical Magazine is one to which several references will be made in this memoir; it concludes as follows: 'The experiments are being continued and the writer hopes to give, in a later paper, a fuller discussion of the points considered.
'Summary-1. When y-rays are scattered, there is a change in quality, the scattered rays being less penetrating the greater the angle of scat tering. The change is gradual and small when the angle of scattering is small. '2. A similar explanation must be given of the scattering of X-and y-rays. There is probably very little direct (i.e. "unmodified" or "Thomson"-WBL) scattering of X-and y-rays.
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'4. The softer the type of y-rays the greater the percentage scattered per unit mass.
'5. A discussion is given of the bearing of the results on absorption experiments . . . ' The first three points of the summary present the discovery of the 'effect' later to be called Compton scattering. World W ar I intervened and Gray's next experiments on this line made in London in 1919-1920 extended the phenomenon to X-rays, to which we shall return.
He obtained leave from McGill and enlisted as a private in the Canadian Artillery. Following a brief training he appears as Sergeant in the 3rd Over seas Siege Battery in France in 1915. He was never an enthusiast for horses and it was not a congenial occupation, though he appears to have been effective as he was assigned the task of shaping up the new French Canadian recruits as they arrived in France. When in 1916 an opportunity arose for him to transfer to the Royal Engineers for sound ranging work, he stated he would not take a commission except in the R.A. or R.E. He was com missioned as 2nd Lieutenant in the R.E. and rose to the rank of Captain, was mentioned in despatches and made an Officer of the Order of the British Empire.
O f his work Sir Lawrence Bragg, then Major W. L. Bragg, commanding the Experimental Sound Ranging section, writes:
' "Joe Gray" was a great figure in Sound Ranging circles in the 1914-1918 war. Sound Ranging, or the location of enemy guns by recording the arrival of the report at a series of microphones spaced along a base behind the front line, was initiated by the French army quite early in the war. The British were interested in the French trials, and in the autumn of 1915 an experimental section was established at Kemmel just south of Ypres. The French were trying various types of apparatus; we decided to adopt a system developed by Lucien Bull, of the Institut Marey in Paris.
'Gray was posted to the Experimental Sound Ranging section in the autumn of 1916, about a year after it had started. The method had at first worked in a very disappointing way, but when Gray joined the outlook was much more promising because the "Tucker microphone" had been invented. This hot-wire microphone gave an energetic res ponse to sounds in the 10-30 range of frequency, ideal for a gun-report, but were relatively insensitive to high-frequency sounds which had plagued the earlier types of microphone. It became obvious that Sound Ranging had great possibilities. There were still, however, two major problems to be solved and Gray played an essential role in solving both.
'The principle of the method was to find the relative times of arrival of the gun-report at six microphones spaced along a base several kilo metres in length. From these measurements it was possible to construct the origin of the sound. But the corrections for wind and temperature were considerable and as the sound followed a path high in the air it was not easy to judge what they should be. Gray developed a remarkable instinct for deducing the effective wind and temperature from such meteorological observations as were available. At a later date, when working with an Experimental Section which had been established on Salisbury Plain, he had the idea of a "Wind Section" . A charge was exploded at regular intervals, and recorded by microphones on a semi circle of about eight kilometres radius, so that the correction to be applied to the measurements at a corresponding functional base could be directly estimated. Such sections were then set up in France, and greatly improved accuracy.
'The other major contribution made by Gray was to realize the advantage of a "regular base" . When a "strafe" was on it was difficult to pick out the series of sounds recorded by the six microphones which referred to the same gun. If, however, the microphones are spaced at exactly equal intervals over a circular arc, the marks on the film-strip which recorded the galvanometer kicks due to any one gun are spaced in a regular curve, and the eye soon became accustomed to spotting these curves even if many other sounds were also being recorded. This single idea made a vast difference to the effectiveness of the method.
'Joe Gray was a formidable debater. At meetings at counter battery headquarters, there would perhaps be some discussion as to where an important enemy battery was located. Gray would often seem to be asleep for a good deal of the discussion, but towards its end he would wake up, lay his finger on the map, and say "The battery is ", glaring at each person present round the table in turn and defying con tradiction. Yet, often when he seemed most fierce, quite suddenly his face could crumple into a grin and he would give a characteristic dry chuckle. He spoke very deliberately, weighing each word carefully; and giving it great emphasis. Everybody liked him as much as they respected him. Sound Ranging was one of the few scientific activities in the First World War, and Gray was a leading man in developing it into an efficient and useful weapon.' A brief account of the methods used is included in the latest edition of Sound by Poynting and J. J. It was during the period 1920 to 1925 that he was most concerned with the controversial developments in the theory of X-and y-ray scattering already referred to. The problems were complex and became even more so as attempts were made to understand the cosmic rays.
A colourful public debate before a lay audience between R. A. Millikan and Sir James Jeans presented some of the problems. Dr J. W. DuMond reports this 'exchange of intellectual swordplay' in his editor's introduction to the 1963 edition of Millikan's book Jeans had asserted that 'he knew of no form of electromagnetic radiation which passing through matter became harder, having in mind initially spectrally homogeneous radiation. Millikan in rebuttal said 'he knew of no case in which radiation filtering through matter did not become harder rather than softer', having in mind heterogeneous radiation. Jeans explained the semantic misunder standing: 'Of course if you kill off all the old men in a community, the average age of the community grows younger, but this does not imply that any of its individual members are growing younger with the passage of time.' Now that so much is understood about the complex interactions of radiation with matter it is not easy to recapture all the puzzlement and detective type of thinking necessary when the methods of analysis available to Gray could only deal statistically with the 'community' modified by processes of scattering and absorption, and still further complicated because his detecting instru ments-electroscopes-responded to the secondary electrons produced by the y-rays not only in the gas but also in the walls and in the 'radiators'. Earlier the debate had been between A. H. Compton and J. A. Gray and letters from each of them in Nature in 1921 showed that each had argued from both sides as the evidence shifted. A false trail was introduced in a continuation by Mr S. J. Plimpton of the study undertaken by Gray at University College that was unpublished but known to Gray before his 1920 paper in the Journal of the Franklin Institute. In 1921 A. H. Compton had been able to repeat Mr Plimpton's experiment and extend it to show that the conclusion had been false but Compton concludes 'that the softening of secondary X-rays is due not to the process of scattering but to the excitation of a fluorescent radiation in the radiator'. To this letter, which Compton must have sent him in advance, Gray wrote immediately a masterly reply, unfolding very clearly how he had wavered to accommodate Mr. Plimpton's misleading result. Slightly condensed his letter reads:
'Dr Compton's letter on the softening of secondary X-rays directs further attention to a problem of very great importance. There is distinct evidence with these rays of a change of periodicity which varies with the angle of scattering. Such a variation is, perhaps, unique in physics, and no satisfactory explanation of the facts has been found. Let us consider the history of the case.
'In 1913 (Phil. Mag. 26, 611) I stated that when homogeneous rays struck any target the scattered rays were softer (i.e. of lower frequency), and that this softening increased with the angle of scattering. This view was a deduction from experiments with a heterogeneous primary beam consisting of the y-rays of radium. The experimental results were verified by Dr Florance (in Manchester immediately after-WBL).
'In 1919 working at University College with heterogeneous X-rays I again found that the secondary rays were less penetrating than the primary . . . Later on I was informed that Mr S. J. Plimpton, on con tinuing the problem . . . had found evidence which apparently showed that when the primary rays were homogeneous the secondary rays were of the same frequency. Hence in a paper to the Journal of the Franklin Institute I endeavoured to account for this . . . The work of Compton, however, confirms me in my original view . . . 'I have always looked on the secondary rays as scattered rays because the Thomson theory accounts so well for the variation of intensity with angle of scattering. This theory, however, in its present form does not account for the changes in periodicity referred to above. ' Compton suggests that the greater part of the secondary radiation is fluorescent, i.e. that it is produced by the secondary /?-rays which are always emitted when X-or y-rays strike any substance, and that the change in periodicity can be accounted for by the Doppler principle. I believe that it can be proved that only a negligible portion of the secondary X-rays can be accounted for in this way and hence that this suggestion does not help us out of our difficulties.' Little more than a year later Compton was to publish his extensive results
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Biographical Memoirs on the scattering of homogeneous X-rays and their explanation by the revolutionary but simple principle of the conservation of energy and momentum in the collision between a photon and a free electron, and estab lishing the essential correctness of the view expressed by Gray as his original conclusion that he adhered to. Gray felt, however, that Compton did not sufficiently acknowledge the basic groundwork, or as I have called it, the staircase, which he had provided. However, in the 1935 edition of Compton and Allison X-rays in theory and experiment (Van Nostrand), page 201, the following acknowledgement is given. 'Some carefully designed experiments by Gray ( Franklin Inst. Jour. Nov. 1920, p. 633) showed that this soften was indeed a direct result of the scattering process.'* Publishing again in 1925 on the subject, Gray has adopted the picture of 'scattered quanta', so notably absent from the quoted letters by Compton and himself in 1921. There still remained, of course, problems of accounting satisfactorily for the intensity of scattering that eventually in 1928 were resolved in the formulation of Klein and Nishina, taking account of the magnetic moment of the electron. Also in 1927 Schrodinger showed that the Compton-Debye result could be found from an application of de Broglie wave mechanics as an interference effect of the waves associated with the electron and photon.
There are clearly gaps in the record of Gray's attempts to acquire an accelerator for Queen's and of the purposes for which it was intended. He appears first to have taken some action in 1929 as a result of which a Tesla transformer capable of producing pulses at 300 000 volts was obtained, but a plan in 1931-1932 to associate this with a mercury-pumped cathode-ray tube never bore fruit. For 1933 to 1935 there are many letters concerning an attempt to raise a sum that was eventually $16 900 from private contribu tions, both in the United Kingdom and Canada. In 1934 generous contribu tions were promised in Canada from Senator H. H. Horsey and Senator A. G. Hardy and in March of that year Gray wrote confidently to Mr McKerrow of Metropolitan-Vickers in Manchester that nothing could now block the project, except possible customs dues that seemed unlikely on research equipment to make studies with intense X-rays of high energy. The generator in question at that time appears to have been a voltage multiplier of the Cockcroft-Walton type but applicable to accelerate either ions or electrons. The latter would use a continuously pumped vacuum X-ray tube developed at Metropolitan-Vickers by Dr T. E. Allibone. The matter dragged on into 1935 when Metropolitan-Vickers in January offered a Joseph Alexander Gray but Metropolitan-Vickers replied that their quotation had been valid for only 30 days and the price would now be higher. This came at the depth of the depression when Queen's University finances were at a very low ebb and in the event no contract was possible. To the bitter disappointment of Gray and his supporters the project had to be abandoned and the fund dispersed in September 1935 .
In 1937 to 1939 another campaign was carried on. Gray explained in 1938 that his objective now was to equip a Nuclear Physics Laboratory and attention became directed hopefully to a medium-sized cyclotron with en couragement from E. O. Lawrence of Berkeley. In November 1938 the latter wrote that for Gray's estimate of $22 000 he should be able to build a very satisfactory cyclotron. Apparently no such large sum could then be raised for in May 1939 agreement is recorded to the allocation of $7000 for an electrostatic high-voltage generator, and it is reported that all approvals were cleared for this on the Friday before the Second World War, but with drawn by general consent on the following Monday. After the war in 1946 the Atomic Energy Control Board was established and was enabled to make some grants for capital expenditures for nuclear physics in several univer sities in Canada. After considering the projects at other universities-the cyclotron at McGill, the betatron at Saskatoon and the Van de Graaff at the University of British Columbia-and visiting, with Dr Cave, the General Electric Company at Schenectady, Dr Gray decided that a 70 MeV electron synchrotron being developed there would be most desirable. It was necessary to prepare an underground shielded laboratory and the whole project was completed and successfully put into operation in March 1950 . Initial researches were concerned with studies of photo-nuclear reactions and characterization of the spectrum from the machine, leading to a number of papers published in the Proceedings of the Royal Society of Canada in 1951 and 1952 before Dr Gray retired and relinquished the laboratory and accelerator to others.
From 1925 to 1939 Dr Gray and his research students at Queen's Univer sity made a number of significant pioneer contributions in the characteriza tion of j8-and y-rays and in some properties of X-rays. By observing the resulting X-rays he showed that the y-rays from radium-D were largely absorbed within the emitting atom, the y -ray energy being 'internally converted' to energy of a photoelectron and X-ray quantum. With H. M. Gave he published in 1927 some very carefully controlled absorption and scattering measurements on radium y-rays and showed that the wavelengths or energies of y-rays greater than 1 MeV could be estimated reliably from the range of penetration of the recoil electrons produced in the scattering process. A much-used method of characterizing the energies of /?-rays is by their range of penetration through aluminium. Usually this is expressed as the mass-range in units of grams per square centimetre of aluminium sheets just sufficient to stop the j8-rays. Until the very recent introduction of semi conductor /?-and y-ray spectrometers, precise characterization of the energy spectra of j8-rays was only made by measurements of the curvature of the rays in a magnetic field. Dr Gray and his students not only pioneered and exploited these techniques but also made extensive observations of absorption and scattering. Dr B. W. Sargent went on to establish significant relations between the lifetimes of radioactive materials and the energies of the j8-rays emitted. All this work contributed to the general understanding of the processes of /?-ray emission and the passage of /?-rays through m atter arrived at by the intensive study of these phenomena in many laboratories and theoretical institutes throughout the world.
Radiography depends largely on the fact that X-rays travel in straight lines through considerable thickness of matter. However, it is also well known that the orderly scattering of X-rays by the lattice planes of atoms has proved most valuable in elucidating crystal structure. In the course of the studies of X-rays at Queen's three other modes of X-ray scattering were encountered and two of these appear to have been independent discoveries, although they were met in other laboratories at about the same time. The three modes may be characterized as gas scattering proportional only to the total number of electrons in the scatterer and independent of arrangement, molecular structure scattering involving X-ray wave interference from two or more scattering centres in a molecule, and scattering produced by refraction of X-rays in individual small crystals in the scatterer. All three were found in the scattering from different forms of carbon powder and graphite crystals.
Gray was keen to improve technique and encouraged H. Le Caine and J . H. Waghorne in their pioneer development of the vibrating reed electro meter in 1939. After World W ar II several other techniques were brought into use at Queen's including the analysis of particle tracks in photographic emulsion and a study of neutrons by recoil tracks in a cloud chamber.
During the war staff members and students were drawn away from Queen's to work on radar and atomic energy. At first Dr Gray was very concerned at the slowness with which the scientists were brought to aid the war effort, and he was active in promoting such activities. As early as 1942, however, he was becoming concerned that after the war society might forget again the importance of science. In an article he contributed to the Queen's Quarterly he quoted among other 'principles to which all true scientists will subscribe' a remark by M r Anthony Eden in an address in September 1941 (before Pearl H arbour): 'If, after the war, we are to remove the fear of want as well as of war, science and statecraft must work together. In war-time diplomacy is the servant of strategy. In peace-time I pray that it may be the servant of science.' Dr Gray wished that as many people as possible should read and ponder this and the seven points of the 'Declaration of scientific principles' adopted by that 1941 Conference on Science and World Order. He concluded his article with a plea: 'A university should represent a build ing complete from the foundations up, rather, than as at present, a set of apparently isolated structures with passages leading precariously, or not at all, between them. Universities should not be content to train men in the humanities and social sciences, who have scant sympathy for and little understanding of science. On the other hand, they should not be content to train scientists who may have slight appreciation of great literature and no knowledge of the immense debt we owe to the classics. The universities should produce men of broad vision-men who realize, as they depart, that their education has only just begun. ' I am sure he would have made these pleas as cogently today as when he wrote twenty-five years ago.
He was able to give great service to these causes in several ways. He was a member of the Honorary National Research Council from [1942] [1943] [1944] [1945] [1946] [1947] [1948] and served on several of its committees. He attained and kept up a specially close association with the Commissioners for the Exhibition of 1851 and was very careful to recommend only the best of his students for their scholarships. Sir Evelyn Shaw, former Secretary of the Commission, writes:
'But what I am familiar with is his keen interest in his own students' welfare. He never forgot what he owed to his " 1851 Scholarship" and he always encouraged his best students to compete for these awards. And what is so interesting to me is that he never recommended a can didate from Queen's that was not acceptable to the 1851 Commissioners.
'When some years ago the Commission's income was insufficient to pay their overseas scholars an adequate stipend it was Joe and one or two of his old students* who inspired the National Research Council to make up their stipend to £1000 p.a. by an additional payment of £250 p.a. Other countries followed this example but I hope we shall very soon be able to . . . pay the increased stipends ourselves.' He devoted much time and care to this work for the Nuffield Foundation. 
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Biographical M emoirs out its policies and states: 'It is impossible to enumerate the benefits and advantages which have been provided for research through his influence but in substance it is well known throughout the fields of natural science here and, in detail, by the individuals whom he has helped.' Between 1951 and 1955 Gray acted as a consultant to the Defence Research Board studying problems of nuclear defence and supervising and criticizing papers prepared by scientists on the staff of the Board.
In the first quarter of this century most physicists working with X-rays, y-rays and radium found themselves drawn in to help the medical radiologists at the major hospitals. Dr Gray was not aloof from this but participated occasionally rather than continuously because, both at McGill and at Queen's, another physicist was more closely involved. At one point, when he was seeking money for his high-energy X-ray machine, he felt obliged to reject an offer that was conditional on it being applied to cancer research. At Queen's Professor J. K. Robertson took the major role in radiology. With two brief interruptions he taught there from . Dr Gray and he were therefore long-term associates working separately rather than together. Physics students at Queen's were indeed fortunate in finding there several men of character, all holding strong views and devoted to their education. J. K. Robertson had worked for a year under Sir J. J . Thomson and continued his own line of research but undertook a major teaching load most ably. Dr Gray as Chown Research Professor had a lighter teaching load. It seems interesting to quote a few excerpts from letters I have received from Gray's former students who shall be anonymous as the selection is made to present a picture that seems common to all. One writes: 'All these men and many more, including myself, were drawn to nuclear physics as a result of our undergraduate contact with Gray. This is surprising in some senses because he was about as far from the stereotype of a good teacher as one could possibly get, caring little for smooth continuity, clarity of presen tation and all the other alleged hallmarks of the great teacher. W hat he did instil in students was a sense of the adventure in his field and of the intellec tual challenge which it presented. He would not tolerate sloppy work or sloppy thinking and insisted that his students approach his own standards as closely as they could. He was an intuitive physicist gifted with an unusually mathematical mind for an experimentalist.' Another writes: 'We found this our most interesting course (atomic physics) and Joe our poorest lecturer. Why? For one thing Joe was bashful, but for another, we were not well enough prepared in electricity. Finally, Gray's lectures like his writings had a curious combination of caution and vagueness. Since the content of the atomic physics course was experimental physics and close to the Professor s heart, we did learn something.' Another: 'His lectures were not notable experiences in communication. In mathematical derivations he always got the correct formula at the end, but the wary student would later find the mistakes on the way and put them right in his notes. No doubt this was good for the student.' Rutherford in about 1929 is quoted as having said: 'Gray is a good man, a trifle incoherent.' From Gray's own point of view this diffi culty of communication was a handicap but he worked hard to master it. It would have heartened him to know that one of his talks to the Saturday Club at Queen's was described as 'a most polished performance'. It is clear that his enthusiasm for the subject and care for the end result carried through with effect to his students.
It remains in this memoir to record the honours he received and treasured, and their occasions. In 1922 he was elected a Fellow of the Royal Society of Canada, and he made many of his scientific communications through their meetings and publications. He became President of Section III in [1939] [1940] . In 1932 he was elected a Fellow of the Royal Society, but was not able to come to London to sign the Charter Book until the following year. This honour and the award in 1956 of the first Medal of the Canadian Association of Physicists he appreciated most highly, also the dinner organized and attended by so many of his former students to mark his retirement, when they presented him with his portrait by Grant Macdonald. His friends and former students also contributed fifteen papers and a letter to make a special number of the Canadian Journal of Physics, February 1953, containing a plate from the portrait.
He became a freemason following his father in Australia but did not keep this up in Canada. He enjoyed the informal company of his fellow men and was loyal to the Greenhouse Club at McGill and the Saturday Club at Queen's. He became a member of the American Physical Society in 1914. He was a member of the Royal Institution of Great Britain and of the Sesame Club in London. In the 1920s and 1930s he played golf but gave this up when he and his wife took a summer cottage on Garden Island near Kingston, which they enjoyed with their dog, a black and white collie, their boat and musical neighbours. The Grays had to give up the cottage during the war, after which his recreations besides his books and stamp-collecting included entertaining friends and students as well as being a keen spectator of baseball and latterly by television of other sports. He did not quickly accept radio and television into his own life but writing on 'Television* in 1929 he concluded: 'It is idle to try to forecast the future; but one can say with certainty that television will exert a tremendous influence on the habits and customs of people all over the world.' He lived to see this at least partly fulfilled.
Gray was happy to have participated in many notable scientific occasions including the British Association Meeting in Toronto in 1924, the Maxwell centenary celebrations in Cambridge in 1931, the Tercentenary of the Royal Society in July 1960, and the Rutherford Memorial Conference in Manchester in 1961.
Let me conclude with one more brief portrait in words by his friend H. P. Gundy, librarian at Queen's:
'Tall and upright, courtly in bearing, Dr Gray was a true patrician.
